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(57) ABSTRACT 

A curable composition contains (A) a ?uorinated amide 
compound having at least one alkenyl radical, (B) a ?uori 
nated organohydrogensiloxane, (C) a platinum group 
compound, (D) an organosiloxane having at least one hydro 
gen atom directly attached to a silicon atom, and at least one 
epoxy and/or trialkoxysilyl radical attached to a silicon atom 
through a carbon atom or a carbon atom and an oxygen 

atom, and a carboxylic anhydride. The composition 
?rmly bonds to a variety of substrates such as PPS and nylon 
While curing into a ?uorinated elastomer. 

12 Claims, No Drawings 
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CURABLE COMPOSITIONS OF 
FLUORINATED AMIDE POLYMERS 

This invention relates to curable compositions Which 
?rmly bond to a variety of substrates such as polyphenylene 
sul?de and nylon While curing into ?uorinated elastomers. 

BACKGROUND OF THE INVENTION 

Curable ?uorinated elastomer compositions utilizing 
addition reaction betWeen alkenyl and hydrosilyl radicals are 10 
Well knoWn in the art. It is also knoWn from JP-A 9-95615 
to add an organopolysiloXane having a hydrosilyl radical 
and an epoxy and/or trialkoXy radical as a third component 
to such a composition for rendering it self-adhesive. This 
composition can be cured by brief heating While it can bond 
to a variety of substrates during curing. Since the cured 
product has good solvent resistance, chemical resistance, 
heat resistance, loW-temperature properties, loW moisture 
permeability and electrical properties, the composition is 
useful in an adhesion application in a variety of industrial 
?elds Where such properties are required. 

The composition forms a satisfactory bond to such plas 
tics as epoXy resins, phenolic resins and polyester resins, but 
a less satisfactory bond to such engineering plastics as 
polyphenylene sul?de (PPS) and nylon. The composition is 
not applicable Where PPS and nylon are used. Since PPS and 
nylon are often used as casing material, an improvement in 
bond to these engineering plastics is desired. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a novel and 
improved curable composition Which cures into a ?uorinated 
elastomer that ?rmly bonds to PPS and nylon. 

The invention pertains to a curable composition of the 
addition curing type comprising a ?uorinated amide com 
pound having at least one alkenyl radical in a molecule, a 
?uorinated organohydrogensiloXane, and a platinum group 

R1 

CH2: CHSi R2 

R1 | || 

compound. It has been found that by adding to this compo 
sition an organosiloXane having in a molecule at least one 
hydrogen atom directly attached to a silicon atom, and at 
least one epoXy and/or trialkoXysilyl radical attached to a 
silicon atom through a carbon atom or a carbon atom and an 
oXygen atom, and preferably further having a per?uoroalkyl 
or per?uoropolyether radical, as a tacki?er and further 
adding a carboXylic anhydride as an adhesion reaction 
promoter, there is obtained a curable composition Which 
cures into a ?uorinated elastomer that not only has good 
solvent resistance, chemical resistance, heat resistance, loW 
temperature properties, loW moisture permeability and elec 
trical properties, but also ?rmly bonds to a variety of 
substrates including PPS and nylon. 

Accordingly, the invention provides a curable composi 
tion comprising as essential components, 

(A) a ?uorinated amide compound having at least one 
alkenyl radical in a molecule, 

(B) a ?uorinated organohydrogensiloXane, 
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2 
(C) a platinum group compound, 
(D) an organosiloXane having in a molecule at least one 

hydrogen atom directly attached to a silicon atom, and 
at least one of epoXy radicals and trialkoXysilyl radicals 
each attached to a silicon atom through a carbon atom 
or a carbon atom and an oXygen atom, and 

(E) a carboXylic anhydride. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

Brie?y stated, the curable composition of the invention 
contains (A) a ?uorinated amide compound having an 
alkenyl radical as a base polymer, (B) a ?uorinated organo 
hydrogensiloXane as a crosslinker and chain extender, (C) a 
platinum group compound as a catalyst, (D) an organosi 
loXane as a tacki?er, and a carboXylic anhydride as an 
adhesion promoter. 
Component (A) is a ?uorinated amide compound Which 

should have at least one alkenyl radical in a molecule, and 
preferably tWo alkenyl radicals at opposite ends. In the 
compound, ?uorine is preferably contained as a monovalent 
per?uoroalkyl, monovalent per?uoropolyether, divalent per 
?uoroalkylene or divalent per?uoropolyether radical. Pref 
erably the compound has the folloWing linkage. 

O 

H 

Further, the compound may have the folloWing linkage. 

The ?uorinated amide compound (A) is preferably of the 
folloWing general formula 

(1) 

o o o R2 

II II] || | 

Herein R1 is a substituted or unsubstituted monovalent 

hydrocarbon radical. R2 is hydrogen or a substituted or 

unsubstituted monovalent hydrocarbon radical. Q is a radi 

cal of the folloWing general formula (2) or (3): 

(2) 

Wherein R3 is a substituted or unsubstituted divalent 

hydrocarbon radical Which may be separated by at least 
one atom of oXygen, nitrogen and silicon atoms, and R2 
is as de?ned above, 
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(3) 

wherein R4 and R5 each are a substituted or unsubstituted 
divalent hydrocarbon radical. Rf is a divalent per?uo 
roalkylene or per?uoropolyether radical, and “a” is an 
integer of at least 0. 

Referring to formula (1), R1 stands for substituted or 
unsubstituted monovalent hydrocarbon radicals preferably 
of 1 to 10 carbon atoms, more preferably 1 to 8 carbon 
atoms, and also preferably free of aliphatic unsaturation. 
Examples include alkyl radicals such as methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, tert-butyl, pentyl, hexyl, 
octyl and decyl; cycloalkyl radicals such as cyclopentyl, 
cyclohexyl and cycloheptyl; alkenyl radicals such as vinyl, 
allyl, propenyl, isopropenyl, butenyl, and hexenyl; aryl 
radicals such as phenyl, tolyl, xylyl and naphthyl; aralkyl 
radicals such as benZyl, phenylethyl and phenylpropyl; and 
substituted ones of these radicals in Which some or all of the 
hydrogen atoms are replaced by halogen atoms or the like, 
typically ?uorinated alkyl radicals such as chloromethyl, 
chloropropyl, bromoethyl, 3,3,3-tri?uoropropyl, and 6,6,6, 
5,5,4,4,3,3-nona?uorohexyl. 

R2 stands for hydrogen or substituted or unsubstituted 
monovalent hydrocarbon radicals preferably of 1 to 10 
carbon atoms, more preferably 1 to 8 carbon atoms, and also 
preferably free of aliphatic unsaturation, as de?ned above 
for R1. Examples of the monovalent hydrocarbon radicals 
are as exempli?ed above for R1, for example, alkyl radicals 
such as methyl, ethyl, propyl, and isopropyl; cycloalkyl 
radicals such as cyclohexyl; alkenyl radicals such as vinyl 
and allyl; aryl radicals such as phenyl and tolyl; and sub 
stituted ones of these radicals in Which some hydrogen 
atoms are replaced by halogen atoms or the like, typically 
?uorinated alkyl radicals such as chloromethyl, 
chloropropyl, 3,3,3-tri?uoropropyl, and 6,6,6,5,5,4,4,3,3 
nona?uorohexyl. 
Q is a radical of the folloWing general formula (2) or 

(2) 

R2 in formula (2) is as de?ned above. R3 may be selected 
from substituted or unsubstituted divalent hydrocarbon 
radicals, preferably from divalent hydrocarbon radical of 1 
to 20 carbon atoms, especially 2 to 10 carbon atoms. 
Examples include alkylene radicals such as methylene, 
ethylene, propylene, methylethylene, butylene and hexam 
ethylene; cycloalkylene radicals such as cyclohexylene; 
arylene radicals such as phenylene, tolylene, xylylene, naph 
thylene and biphenylene; substituted ones of these radicals 
in Which some hydrogen atoms are replaced by halogen 
atoms or the like; and combinations of these substituted or 
unsubstituted alkylene and arylene radicals. 

R3 may contain one or more atoms of oxygen, nitrogen 
and silicon atoms at an intermediate of its linkage. In this 
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4 
case, the oxygen atom intervenes in the linkage of R3 in the 
form of —O—. The nitrogen atom intervenes in the linkage 
of R3 in the form of —NR‘— Wherein R‘ is hydrogen, alkyl 
of 1 to 8 carbon atoms, especially 1 to 6 carbon atoms or 
aryl. The silicon atom intervenes in the linkage of R3 in the 
form of a straight or cyclic organosiloxane-containing radi 
cal or organosilylene radical as shoWn beloW. 

o o , 

RM RM 

Herein, R“ is an alkyl radical of 1 to 8 carbon atoms or aryl 
radical as exempli?ed for R1 and R2, R“‘ is an alkylene 
radical of 1 to 6 carbon atoms or arylene radical as exem 

pli?ed for R3, and n is an integer of 0 to 10, especially 0 to 
5. 

Examples of these radicals are given beloW. 

Me Me 

— CH2CH2OCH2CH2— , — (CH2)3SiOSi(CH2)3— , 

Me Me 

— CH2CH2— N— CH2CH2— , 

H 
Me Me 

— (CH2? Siosi? CH2)2—, 

Me Me 
Me Me 

Me 
Me 

Me 
Me 

Me 
Me 

Me 
Me 

Me Me 



US 6,417,311 B1 
5 

-continued 
Me Me 

Me Me 
Me Me 

Me Me 

In the above formulae, Me is methyl. 

In formula (3), R4 and R5 are substituted or unsubstituted 
divalent hydrocarbon radicals of 1 to 10 carbon atoms, 
especially 2 to 6 carbon atoms. Illustrative are alkylene 
radicals such as methylene, ethylene, propylene, 
methylethylene, butylene, and heXamethylene, cycloalky 
lene radicals such as cycloheXylene, and substituted ones of 
these radicals in Which some of the hydrogen atoms are 
replaced by halogen atoms. 

The radicals Q in formula (1), represented by formula (2) 
or (3), are exempli?ed beloW. In the following formulae, Me 
is methyl, Ph is phenyl, X is hydrogen, methyl or phenyl. 

Me Me Ii‘h Ph 

—N(CH2)2N—, —N(CH2)eN—, 
CH3 

CH CH CH CH/ 2_ 2 2_ 
\ / \ 

—N N—, — —, 

\ 
CH2— CH2 /CH— CH2 

CH3 
Me Me 

—NCH2 CH2N—, 

Me Me Me Me 

Me Me 
Ph Me Me Ph 

(Rf is as defined above.) 

(Rf is as defined above.) 
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-continued 

H H 

—N— CH2—Rf — CH2—N—, 

(Rf is as defined above.) 
H Me Me H 

Me Me 

(Rf is as defined above.) 
Ph Me Me 

Me Me 

Me Me Me 

In formula (1), Rf is a divalent per?uoroalkylene radical 
or divalent per?uoropolyether radical. The divalent per?uo 
roalkylene radical is represented by —CmF2m— Wherein m 
is 1 to 10, preferably 2 to 6. The divalent per?uoropolyether 
radical is represented by the folloWing formulae: 

Wherein X is F or CF3 radical, p, q and r are integers 
satisfying p21, q; 1, 2§p+q§200, especially 2§p+ 
qé 110, and 0éré6; 
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c113 c113 

wherein r, s and t are integers satisfying 0éré6, s20, 
ti0, and 0§s+t§200, especially 2§s+t§ 110; 

Wherein X is F or CF3 radical, u and v are integers 
satisfying léué 20 and lévé 20; 

Wherein W is an integer of 1 to 100. 
Illustrative examples of Rf are given below. 

c113 c113 

C113 C113 C113 

In formula (1), letter “a” is an integer inclusive of 0, 
Which indicates that the ?uorinated amide compound of 
formula (1) contains at least one divalent per?uoroalkylene 
radical or divalent per?uoropolyether radical in a molecule. 
Preferably, “a” is an integer of 0 to 10, and more preferably 
1 to 6. 

The ?uorinated amide compound (A) used herein may 
range from a loW viscosity polymer having a viscosity of 
about several tens of centistokes at 25° C. to a solid gum-like 
polymer. From the standpoint of ease of handling, a gum 
like polymer is suited for use as heat vulcaniZable rubber, 
and a polymer having a viscosity of about 100 to 100,000 
centistokes at 25° C. is suited for use as liquid rubber. With 
too loW a viscosity, the resulting cured elastomer may be 
short in elongation and fail to provide a good pro?le of 
physical properties. 

The ?uorinated amide compound of formula (1) can be 
prepared by the folloWing method. For eXample, a ?uori 
nated amide compound of formula (1) Wherein “a”=0 can be 
synthesiZed by reacting a compound having acid ?uoride 
radicals at both ends represented by the general formula (4) 
With a primary or secondary amine compound represented 
by the general formula (5) in the presence of an acid 
acceptor such as trimethylamine. 
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R1 

SiCH=CH2 
2 

‘f R1 
FCO—Rf‘—COF + H—N —> 

(4) (5) 
R1 R1 

| 
CH2=CHSi SiCH=CH2 

R1 r1? 1? r 11 

Herein, R1, R2 and Rf are as de?ned above. 

Further, a ?uorinated amide compound of formula (1) 
Wherein “a” is an integer of at least 1 can be synthesiZed by 
reacting a compound having acid ?uoride radicals at both 
ends represented by formula (4) With a diamine compound 
represented by the general formula (6): 

H—Q—H (6) 

Wherein Q is as de?ned above, in the presence of an acid 
acceptor, folloWed by reaction With a primary or secondary 
amine compound of formula 

In the former procedure, the relative amounts of the 
compound having acid ?uoride radicals at both ends of 
formula (4) and the primary or secondary amine compound 
of formula (5) charged are not critical. Preferably the 
amount (a) of the compound of formula (4) and the amount 
(b) of the compound of formula (5) charged are adjusted 
such that the molar ratio of (a)/(b) may range from 0.1/1 to 
1.2/1 mol/mol, and especially from 0.2/1 to 0.5/1 mol/mol. 

In the latter procedure, the amount (a) of the compound of 
formula (4) and the amount (c) of the compound of formula 
(6) charged are not critical as long as the molar amount (a) 
is not smaller than the molar amount The recurring units 
(a) in formula (1) may be set to an appropriate value for a 
particular purpose by adjusting the molar ratio of (a)/(c). 
With greater settings of (a)/(c), polymers having a relatively 
loW molecular Weight can be synthesiZed. With setting of 
(a)/(c) approximate to unity (1), polymers having a relatively 
high molecular Weight can be synthesiZed. 

Reaction conditions are not critical although the preferred 
conditions include 20 to 100° C. and 1 to 8 hours, and more 
preferably 20 to 50° C. and 2 to 4 hours. 

It is noted that the ?uorinated amide compound of for 
mula (1) Wherein Q is a linkage having an intervening 
silicon atom can be synthesiZed by ?rst effecting reaction as 
mentioned above using an amine compound of formula (5) 
as the primary or secondary amine compound having an 
aliphatic unsaturated radical such as vinyl or allyl, thereby 
forming a vinyl-terminated compound of the folloWing 
general formula (7), then reacting the compound of formula 
(7) With an organosiloXane compound having tWo hydrosilyl 
radicals in a molecule, as represented by the folloWing 
general formula (8), in the presence of an addition reaction 
catalyst. 
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Herein R1, R2 and Rf are as de?ned above. 

Herein P is a divalent organic radical having a siloxane 
linkage, illustrative examples of Which are given below. 

Me Me 

Me Me ii— O—Si—Me 

Si— o—si , (I) o , 

M. l. Me_ii_o_ii 
Me Me 

Me Me 

O O 

Me Me 

In this reaction, the relative amounts of the vinyl 
terminated compound of formula (7) and the compound of 
formula (8) charged should be such that the molar amount 
(d) of the compound of formula (7) charged be greater than 
the molar amount (e) of the compound of formula (8) 
charged. The ratio of (d)/(e) is at most 2. That is, 1<(d)/(e)§ 
2. With greater settings of (d)/(e), polymers having a rela 
tively loW molecular Weight can be synthesiZed. With setting 
of (d)/(e) approximate to unity (1), polymers having a 
relatively high molecular Weight can be synthesiZed. 

The catalyst used herein may be selected from elements of 
Group VIII in the Periodic Table and compounds thereof, for 
example, chloroplatinic acid, alcohol-modi?ed chloropla 
tinic acid (see US. Pat. No. 3,220,972), complexes of 
chloroplatinic acid With ole?ns (see U.S. Pat. Nos. 3,159, 
601, 3,159,662 and 3,775,452), platinum black and palla 
dium on such carriers as alumina, silica and carbon, 
rhodium-ole?n complexes, and chlorotris 
(triphenylphosphine)rhodium (knoWn as Wilkinson 
catalyst). Such a catalyst may be used in a catalytic amount. 
The above-described complexes are preferably used as solu 
tions in alcohol, ketone, ether and hydrocarbon solvents. 

The preferred reaction conditions include 50 to 150° C., 
more preferably 80 to 120° C. and 2 to 4 hours. 

Component (B) is a ?uorinated organohydrogensiloxane 
Which serves as a crosslinker and chain extender for the 
?uorinated amide compound The ?uorinated organo 
hydrogensiloxane should have at least one monovalent per 
?uorooxyalkyl (or per?uoropolyether), monovalent 
per?uoroalkyl, divalent per?uorooxyalkylene (or 
per?uoropolyether) or divalent per?uoroalkylene radical, 
and at least tWo, preferably at least three hydrosilyl radicals 
(i.e., Si—H radicals) in a molecule. 

The per?uorooxyalkyl, per?uoroalkyl, per?uorooxyalky 
lene and per?uoroalkylene radicals are typically represented 
by the folloWing general formulae. 
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10 
Monovalent per?uoroalkyl radical: 

CmF2m+1— Wherein m is an integer of 1 to 20, and 
preferably 2 to 10. 

Divalent per?uoroalkylene radical: 

—CmF2m— Wherein m is an integer of 1 to 20, and 
preferably 2 to 10. 

Monovalent per?uorooxyalkyl radical: 

c113 c113 

Wherein n is an integer of 1 to 5. 

Divalent per?uorooxyalkylene radical: 

c113 c113 

Wherein an average of m+n is an integer of 2 to 100. 
The ?uorinated organohydrogensiloxane may be cyclic or 

chain-like or even three-dimensional netWork. Especially 
preferred are ?uorinated organohydrogensiloxanes having in 
the molecule at least one monovalent organic radical con 
taining a per?uoroalkyl, per?uoroalkyl ether or 
per?uoroalkylene, as shoWn beloW, as a monovalent sub 
stituent attached to a silicon atom. 

In the above formulae, R6 stands for divalent hydrocarbon 
radicals of 1 to 10 carbon atoms, and especially 2 to 6 carbon 
atoms, for example, alkylene radicals such as methylene, 
ethylene, propylene, methylethylene, tetramethylene and 
hexamethylene, and arylene radicals such as phenylene. R7 
stands for hydrogen or monovalent hydrocarbon radicals of 
1 to 8 carbon atoms, and especially 1 to 6 carbon atoms as 
described for R2. Rf1 stands for monovalent per?uoroalkyl, 
monovalent per?uorooxyalkyl, divalent per?uorooxyalky 
lene or divalent per?uoroalkylene radicals as described 
above. 

In addition to the monovalent organic radical containing 
a mono or di-valent ?uorinated substituent, i.e., a 
per?uoroalkyl, per?uorooxyalkyl, per?uorooxyalkylene or 
per?uoroalkylene radical, the ?uorinated organohydrogen 
siloxane (B) has a monovalent substituent attached to a 
silicon atom, Which is typically selected from aliphatic 
unsaturation-free monovalent hydrocarbon radicals of 1 to 
10 carbon atoms, and especially 1 to 8 carbon atoms, as 
described for R2. 

In the ?uorinated organohydrogensiloxane, the number of 
silicon atoms in a molecule is usually about 2 to 60, 
preferably about 4 to 30 though not limited thereto. 

Examples of the ?uorinated organohydrogensiloxane are 
given beloW. They may be used alone or in admixture of tWo 
or more. Note that Me is methyl and Ph is phenyl. 
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-continued 
Ph 0 0 Ph 

14 

Me 

c113 c113 

H CH2 CF3 CF3 

Me3SiO(SiO)nSiOSiMe3 

Me Me 

CF3 CF3 

H l 

S: (iiOk-SiO 
1\l/Ie 1\l/Ie n + m = 2 to 50 

O Me Me H Me 

C3F7OCFCF2OCF— C—N— (CH2)3— SiO — (SiO)n— SiO — (CH2)3—N— C— CFOCF2CFOC3F7, 

CF3 CF3 Me Me Me 

n = 3 to 50 

Ph 0 

(IIHZ CF3 CF3 
CH2 

H (IIHZ 
Me3SiO(SiO)nSiOSiMe3 

Me Me 

n = 3 to 50 

Me H Me 

c81117—e CH2)2—iiO—éiiO)n—ii—éCH297C8F17 
l. l. l. 

n = 3 to 50 

If the ?uorinated organohydrogensiloxane (B) used is 
compatible With the ?uorinated amide compound (A), then 
the curable composition Will cure into a uniform product. 

Component (B) is preferably used in such amounts that 4 
0.5 to 5 mol, more preferably 1 to 2 mol of hydrosilyl 
radicals (i.e., Si—H radicals) are available per mol of 
aliphatic unsaturated radicals such as alkenyl (e.g., vinyl and 
allyl) and cycloalkenyl radicals in the entire composition. 
Amounts of component (B) giving less than 0.5 mol of 
Si—H radicals may achieve an insufficient degree of 
crosslinking. With excessive amounts of component (B) 
giving more than 5 mol of Si—H radicals, chain extension 
may become preferential, resulting in undercure, foaming, 
heat resistance decline and/or compression set decline. More 
illustratively, about 0.1 to 50 parts by Weight of component 
(B) is preferably blended With 100 parts by Weight of 
component 

Component (C) of the inventive composition is a platinum 
group compound for promoting addition reaction or hydrosi 
lylation betWeen the ?uorinated amide compound (A) and 
the ?uorinated organohydrogensiloxane (B), that is, a curing 
promoter. These compounds are generally noble metal com 
pounds Which are expensive, and therefore, platinum com 
pounds Which are relatively easily available are often 
employed. 

The platinum compounds include, for example, chloro 
platinic acid, complexes of chloroplatinic acid With ole?ns 
such as ethylene, complexes of chloroplatinic acid With 
alcohols and vinylsiloxanes, and platinum on silica, alumina 
or carbon, though not limited thereto. KnoWn examples of 
the platinum group compounds other than the platinum 
compound are rhodium, ruthenium, iridium and palladium 

4 

5 

5 

5 

a O 

5 

compounds, for example, RhCl(PPh3)3, RhCl(CO)(PPh3)2, 
RhC1(C2H4)2, Ru3(CO)12, IrC1(CO)(PPh3)2, and Pd(PPh3)4. 
The catalyst may be used as such if it is a solid catalyst. 

HoWever, to obtain a more uniform cured product, it is 
recommended that a solution of chloroplatinic acid or a 

complex thereof in a suitable solvent be admixed With the 
?uorinated amide compound (A) in a miscible manner. 

The amount of the catalyst used is not critical and a 
catalytic amount may provide a desired cure rate. From the 
economical standpoint and to obtain a satisfactory cured 
product, the preferred amount of the catalyst is about 1 to 
1,000 parts by Weight, more preferably about 1 to 500 parts 
by Weight of platinum group metal per million parts by 
Weight of the entire composition. 

Component (D) is an organosiloxane Which renders the 
composition self-adhesive When blended therein. The orga 
nosiloxane should have in a molecule at least one hydrogen 
atom directly attached to a silicon atom (that is, at least one 
SiH radical), and at least one of epoxy radicals and trialkox 
ysilyl radicals each attached to a silicon atom through a 
carbon atom or a carbon atom and an oxygen atom, and 

preferably further have at least one per?uoroalkyl or per 
?uoropolyether radical attached to a silicon atom through a 
carbon atom (attached directly to that silicon atom). 
The siloxane skeleton of the organosiloxane may be 

cyclic, chain-like or branched or a mixture thereof. These 

organosiloxanes are represented by the folloWing average 
compositional formulae. 
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ing a siloXane ring is desirably from 3 to about 50 from the 
standpoint of ease of synthesis. 

The organosiloXane (D) can be synthesized by effecting 
5 partial addition reaction of a compound having an aliphatic 

unsaturated radical (e.g., vinyl or allyl) and an epoXy and/or 
trialkoXysilyl radical and optionally, a compound having an 
aliphatic unsaturated radical and a ?uoroalkyl or per?uoro 
ether radical to an organohydrogenpolysiloXane having at 

least three hydrogen atoms each attached to a silicon atom 

(SiH radicals) in a molecule in a conventional manner. It is 

R's Elks III ‘F 1'3 If understood that the number of aliphatic unsaturated radicals 
B—si0 sio sio Sio Sio 5i_B should be smaller than the number of SiH radicals. 

| | l6 | 6 | 6 I6 15 After the completion of reaction, the end compound may 
W R R y R R R6 

be isolated although the reaction product from Which only 
the unreacted reactants and the addition reaction catalyst 

Herein R6 is a substituted or unsubstituted monovalent 

hydrocarbon radical, as de?ned above for R1. Ais an epoXy 2O 
and/or trialkoXysilyl radical attached to a silicon atom 
through a carbon atom or a carbon atom and an oXygen 

atom. B is a per?uoroether or per?uoroalkyl radical attached 
to a silicon atom through a carbon atom. 

have been removed may be used as Well. 

Illustrative examples of the organosiloXane (D) are shoWn 
beloW by structural formulae. These compounds may be 
used alone or in admixture of tWo or more. 

Illustrative eXamples of A are radicals of the folloWing 25 

formula: H\ /CH3 
Si 

/ \ 
—R7—CH—CH CH3\ /0 O\ /(CH2)3oCH2cH-cH2, 

\ / 2 /si\ /si\ \ / 
H O 0 CH3 

0 30 \S/ l 

/ 
Wherein R7 is a divalent hydrocarbon radical of 1 to 10 

carbon atoms, especially 1 to 5 carbon atoms, Which 
may be separated by an oxygen atom, typically alky 
lene or cycloalkylene; and radicals of the folloWing 35 H CH3 
formula: \S/ 

/ 1\o (CH) OCH CH CH CH O - , 

_R8—Si(OR9)3 3\Si/ \Si/ 2 3 2 2 
/ \ / \ 

H O\ _/O CH3 
Wherein R8 is a divalent hydrocarbon radical of 1 to 10 40 /S1 

carbon atoms, especially 1 to 4 carbon atoms, typically CH3\CH2CH2CH2OCH2CH—CH2 
alkylene, and R9 is a monovalent hydrocarbon radical 
of 1 to 8 carbon atoms, especially 1 to 4 carbon atoms, 
typically alkyl. 

Illustrative eXamples of B are radicals of the folloWing 45 H\ /CH3 
formulae: /Si\ 

CH3\ /O O\ /CH2CH2Si(OCH3)3, 
_R1o_C F /Si\ /Si\ 

m 2m+1 H O\SI/O CH3 
1 

—R1°—CF—éoCF2CF9n—F 3O / \ _ 
CH3 CH2CH2S1(OCH3)3 

. . . . CH H CH CH wherein R10 is a radical as de?ned for R8 or a radical as 55 I 3 | I | 3 I | 3 

represented by CH3—Ti TiO TiO TiO TiOTTi—CH3 
CH CH CH CH CH CH 

R7 0 3 3 o 3 P 3 q 3 I 3 

H H 
_Rs_N_C_ 

60 

wherein R6 and R7 are as de?ned above, and m and n are 
as de?ned above. 

The letters W, X and Z each are an integer inclusive of 0, 

y is an integer of at least 1, and W+X+y+Z is usually from 65 _ _ _ 
about 2 to 60, and preferably about 4 to 30. In the case of a O> q and r are Posmve mtegers and 

cyclic siloXane structure, the number of silicon atoms form- p is an integer inclusive of 0. 
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CF3 CF3 CH3 CH3 CH3 CH3 

CFOCF2CFOC3F7 

CF3 CF3 

n+m=3to 50 

o 

CHZCHZCsFl? (CH2)3—OCH2CHCH2 

CH3 H (|:H3 
CH3—SiO s10 T10 T10 T10 Si—(CH3)3 

CH3 CH3 CH3 CH3 CH3 
S U V 

s, u and v are positive integers and 
t is an integer inclusive of 0. 
An appropriate amount of the organosiloXane (D) used is 

about 0.1 to 20 parts, more preferably about 0.3 to 10 parts 
by Weight per 100 parts by Weight of component Less 
than 0.1 part of organosiloXane (D) may be insufficient to 
provide a satisfactory bonding force. More than 20 parts of 
organosiloXane (D) often inhibits cure and may adversely 
affect the physical properties of the cured product. 

It is noted that the amount of component (B) blended is 
determined by taking into account the amount of component 
(D) blended as Well as the amount of component As 
previously described, component (B) is preferably used in 
such amounts that 0.5 to 5 mol of Si—H radicals are 
available per mol of aliphatic unsaturated radicals such as 
vinyl, allyl and cycloalkenyl radicals in the entire compo 
sition. 

Component is a carboXylic acid anhydride. Included 
are all carboXylic anhydrides used as the curing agent for 
epoXy resins. Examples are shoWn beloW. 

50 

60 

65 
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o 0 

|| 1|: C 
\ \ 
o, O, 
/ / 
C C 

|| || 
0 o 

(HHPA) 
o 0 

|| || 
C C 

| \ \ 
CH3—' 0, CH3— 0, / / 

C C 

|| || 
0 o 

(MeTHPA) (MeHHPA) 
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-continued 
0 O O O 

1! ll 1! 1! 
O/ \O O/ \O 
\c c/ a \c c/ a 

O 0 
|| | || || 
0 O O O 

(PMDA) 
O O O 

u H u 
c c 
/ C \ 
o O, 
\ / 
c C 

|| || 
0 O 

(BTDA) 
0 CF 0 

ll 3 ll 
/ C \ 
o | O, 
\ c113 / 
c C 

|| || 
0 O 

0 

|| 
C12H23—CH—C 

O 

CH2—(|I 
O 

(DDSA) 

Especially preferred of these carboxylic anhydrides are 
BTDA and 

0 CF 0 
|| 3 N 

f 11 ‘\O 
c C133 c/ I 

|| || 
0 0 

An appropriate amount of component is about 0.1 to 

4 parts by Weight per 100 parts by Weight of component Less than 0.1 part of component may be insuf?cient to 

provide a satisfactory bonding force. More than 4 parts of 
component may inhibit cure and adversely affect the 
physical properties of the cured product. 

In addition to the above-mentioned essential components, 
other optional components may be added to the inventive 
composition. Exemplary additives include reaction control 
ling agents such as acetylene compounds, vinylsiloxanes 
and ethylenically unsaturated isocyanurates; reinforcing or 
semi-reinforcing ?llers such as fumed silica, precipitated 
silica and hydrophociZed products thereof, quartZ ?our, 
fused quartZ poWder, diatomaceous earth, and calcium car 
bonate; inorganic pigments such as titanium oxide, iron 
oxide, carbon black, and cobalt aluminate; heat resistance 
modi?ers such as titanium oxide, iron oxide, carbon black, 
cerium oxide, cerium hydroxide, Zinc carbonate, magnesium 
carbonate, and manganese carbonate; heat conductive agents 
such as alumina, boron nitride, silicon carbide and poWdered 
metals; and electroconductive agents such as carbon black, 
poWdered silver and conductive Zinc White. Furthermore, 
non-functional per?uoropolyether may be added as a 
plasticiZer, viscosity adjusting agent or ?exibility modi?er. 
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There may also be added adhesive aids and silane coupling 
agents. The amounts of these optional components added are 
arbitrary insofar as they do not compromise the objects of 
the invention. 

Any desired method may be used in preparing the com 
position of the invention. For example, components (A) to 
(E) and optional components are uniformly mixed by a 
suitable mixer such as a Ross mixer, planetary mixer, Hobert 
mixer or tWin roll mill. The inventive composition is curable 
at room temperature depending on the functional radical in 
the ?uorinated amide compound (A) and the catalyst (C) 
used. HoWever, it is recommended to heat the composition 
in order to promote cure. In order that the composition bond 
to a variety of substrates, the composition is preferably cured 
by heating at a temperature of 60° C. or higher, especially 
100 to 200° C. for several minutes to several hours. 

On use of the curable composition of the invention, it may 
be dissolved in a suitable ?uorochemical solvent such as 

m-xylene hexa?uoride or ?uorinate to an appropriate con 
centration depending on a particular application and pur 
pose. 

The curable compositions of the invention cure into 
products or ?uorinated elastomers Which have good solvent 
resistance, chemical resistance, heat resistance, loW 
temperature properties, and loW moisture permeability, and 
form a ?rm bond to metal and plastic substrates by heating 
at a relatively loW temperature for a brief time. Therefore, 
the compositions are useful as adhesives for electric and 
electronic parts, building sealing materials, and automotive 
rubber materials. Since the ?uorinated elastomers as cured 
are adhesive to PPS and nylon, the compositions are useful 
in the bonding of such articles as PPS and nylon base 
casings. 

EXAMPLE 

Examples of the invention are given beloW by Way of 
illustration and not by Way of limitation. All parts are by 
Weight. Viscosity is expressed in centistoke (cs) at 25° C. 

Example 1 

To 100 parts of a polymer (viscosity 4,400 cs, average 
molecular Weight 16,500, vinyl content 0.013 mol/100 g) of 
the folloWing formula (9) Was added 10 parts of 
trimethylsiloxy-treated, fumed silica having a speci?c sur 
face area of 300 m2/g. The ingredients Were mixed, heat 
treated, then milled on a three roll mill. There Were further 
added and mixed 2.3 parts of a ?uorinated hydrogensiloxane 
of the folloWing formula (10), 0.2 part of a toluene solution 
of a catalyst in the form of chloroplatinic acid modi?ed With 
a compound of the folloWing formula (11) (platinum con 
centration 0.5% by Weight), 0.3 part of a 50% toluene 
solution of ethynylcyclohexanol, 0.8 part of a carboxylic 
anhydride of the folloWing formula (12), and 2.5 parts of a 
tacki?er of the folloWing formula (13). 
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Next, a pair of 25 mm><100 mm test pieces of a plastic 
material (PPS, 66 nylon, epoxy resin, phenolic resin or 
polyester resin) Were placed such that their longitudinal ends 
overlapped 10 mm and a layer of the composition of 1 mm 
thick Was sandWiched betWeen the overlapped ends. By 
heating at 150° C. for one hour, the composition Was cured. 
The sample Was then examined by a shear bond test. Shear 
bond strength and cohesive failure Were determined, With 
the results shoWn in Table 1. 

Separately, the cured composition Was examined for 
physical properties, ?nding a hardness of 45 on JIS A scale, 
a tensile strength of 20 kgf/cm2, and an elongation of 150%. 

Comparative Example 1 

A similar composition Was prepared as in Example 1 
except that the compound of formula (12) Was omitted. The 
results of a bond test on this composition are shoWn in Table 

1. 
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Example 2 

A similar composition Was prepared as in Example 1 

except that 4 parts of trimethylsiloxy-treated, fumed silica 
having a speci?c surface area of 150 m2/g Was used instead 

of the silica in Example 1, 1.1 parts of a ?uorinated 

hydrogensiloxane of the folloWing formula (14) and 1.7 
parts of a ?uorinated hydrogensiloxane of the folloWing 
formula (15) Were used instead of the ?uorinated hydrogen 
siloxane in Example 1, 0.5 part of a carboxylic anhydride of 
the folloWing formula (16) instead of the carboxylic anhy 
dride in Example 1, and 1.5 parts of a compound of the 
folloWing formula (17) Was added as the tacki?er. Using this 
composition, a shear bond test Was carried out. The curing 

conditions Were 120° C. and 2 hours. The results are shoWn 

in Table 1. 

Separately, the cured composition Was examined for 
physical properties, ?nding a hardness of 25 on JIS A scale, 
a tensile strength of 11 kgf/cm2, and an elongation of 220%. 

(14) 

CH3 CH3 

Comparative Example 2 

A similar composition Was prepared as in Example 2 
except that the compound of formula (16) Was omitted. The 
results of a bond test on this composition are shoWn in Table 

1. 



US 6,417,311 B1 
23 24 

TABLE 1 

Comparative Comparative 
F amnle 1 F amnle 2 F amnle 1 F amnle 2 

Shear Shear Shear Shear 
bond bond bond bond 

strength Cohesive strength Cohesive strength Cohesive strength Cohesive 
(kgf/ failure (kgf/ failure (kgf/ failure (kgf/ failure 
m2) <%> m2) <%> m2) <%> m2) <%> 

PPS 12.5 100 6.4 100 2.6 0 2.3 0 
66 10.8 100 7.2 100 4.0 20 4.8 30 
nylon 
Epoxy 12.8 100 7.9 100 11.3 100 6.8 100 
resin 
Phenolic 11.5 100 7.7 100 10.7 100 7.0 100 
resin 
Polyester 10.3 100 6.6 100 10.0 100 6.1 100 
resin 

Japanese Patent Application No. 11-250933 is incorpo 
rated herein by reference. 

Reasonable modi?cations and variations are possible 

from the foregoing disclosure Without departing from either 
the spirit or scope of the present invention as de?ned by the 

claims. 

What is claimed is: 
1. A curable composition comprising as essential 

components, 

(A) ?uorinated amide compound having at least tWo 
alkenyl radicals in a molecule, 

(B) a ?uorinated organohydrogensiloxane, 

(C) a platinum group compound, 
(D) an organosiloxane having in a molecule at least one 

hydrogen atom directly attached to a silicon atom, and 
at least one of epoxy radicals and trialkoxysilyl radicals 
each attached to a silicon atom through a carbon atom 

or a carbon atom and an oxygen atom, and 

(E) a carboxylic anhydride. 
2. The curable composition of claim 1 Wherein the orga 

nosiloxane (D) further has a per?uoroalkyl or per?uoropoly 
ether radical attached to a silicon atom through a carbon 

atom. 

33. The curable composition of claim 1 Wherein the ?u 

orinated amide compound (A) is of the folloWing general 
formula (1): 
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Q is a radical of the folloWing general formula (2) or (3): 

(2) 

Wherein R3 is a substituted or unsubstituted divalent 
hydrocarbon radical Which may be separated by at least 
one atom of oxygen, nitrogen and silicon atoms, and R2 
is as de?ned above, 

(3) 

Wherein R4 and R5 each are a substituted or unsubstituted 

divalent hydrocarbon radical, 
Rf is a divalent per?uoroalkylene or per?uoropolyether 

radical, and 
“a” is an integer of at least 0. 
4. The curable composition of claim 1 Wherein the ?u 

orinated organohydrogensiloxane (B) has at least one of 
monovalent per?uorooxyalkyl, monovalent per?uoroalkyl, 
divalent per?uorooxyalkylene and divalent per?uoroalky 
lene radicals and at least tWo hydrosilyl radicals in the 
molecule. 

(1) 

Wherein R1 is a substituted or unsubstituted monovalent 
hydrocarbon radical, 

R2 is hydrogen or a substituted or unsubstituted monova 

lent hydrocarbon radical, 

5. The curable composition of claim 1, Wherein the 

?uorinated amide compound (A) has at least tWo alkenyl 

radicals one at each end of the molecule. 
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6. The curable composition of claim 3, wherein: 
R1 stands for a monovalent hydrocarbon radical of 1 to 10 

carbon atoms Which is an alkyl, cycloalkyl, alkenyl, 
phenyl, tolyl, Xylyl, naphthyl, benZyl, phenylethyl or 
phenylpropyl radical, each optionally substituted by 
halogen atoms; 

R2 stands for hydrogen or a monovalent hydrocarbon 
radical of 1 to 10 carbon atoms Which is an alkyl, 
cycloalkyl, alkenyl, phenyl, tolyl, Xylyl, naphthyl, 
benZyl, phenylethyl or phenylpropyl radical, each 
optionally substituted by halogen atoms; 

R3 is a divalent hydrocarbon radical of 1 to 20 carbon 
atoms, Which is an alkylene, cycloalkylene, phenylene, 
tolylene, Xylylene, naphthylene or biphenylene radical, 
each optionally substituted by halogen atoms and each 
optionally containing one or more atoms of oxygen, 
nitrogen and silicon atoms at an intermediate of its 
linkage; 

R4 and R5 are independently a divalent hydrocarbon 
radical of 1 to 10 carbon atoms Which is an alkylene or 
cycloalkylene radical optionally substituted by halogen 
atoms; and 

a is an integer of 0 to 10. 
7. The curable composition of claim 1, Wherein the 

?uorinated organohydrogensiloXane (B) is provided in an 
amount of 0.5 to 5 mol per mol of aliphatic unsaturated 
radicals in the composition. 

8. The curable composition of claim 1, Wherein the 
platinum group compound (C) is provided as a solution of 
chloroplatinic acid or a compleX thereof in a solvent 
admiXed With the ?uorinated amide compound (A) in a 
miscible manner. 

9. The curable composition of claim 1, Wherein the 
organosiloXane (D) is of one of the folloWing formulae: 

wherein R6 is a substituted or unsubstituted monovalent 
hydrocarbon radical, Ais an epoXy and/or trialkoXysilyl 
radical attached to a silicon atom through a carbon 
atom or a carbon atom and an oXygen atom, B is a 
per?uoroether or per?uoroalkyl radical attached to a 
silicon atom through a carbon atom, letters W, X and Z 
each are an integer inclusive of 0, and letter y is an 
integer of at least 1, and W+X+y+Z is from about 2 to 60. 
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10. The curable composition of claim 1, Wherein the 

amount of the organosiloXane (D) is 0.1 to 20 parts by 
Weight per 100 parts by Weight of component 

11. The curable composition of claim 1, Wherein the 
carboXylic anhydride is one of the folloWing com 
pounds: 

0 0 

|| II 
c c 

\o \o 
/ ’ / ’ 
c C 

|| || 
0 o 

(HHPA) 
o o 

t t 
CH3—| \o, CH3— \o, 

I / / 
c C 

|| || 
0 o 

(MeTHPA) (MeHHPA) 
0 o O 0 

|| | (1 1|: c c 
/ \ / \ 
o 0, 0 o 
\ / \ / 
c O c c (3 

|| || || || 
0 o O o 

(PMDA) 
o O 0 

II N 
c 
/ c 
o 0 JG C 

II 
o o 

(BTDA) 
0 CF 0 
|| | 3 u 
c c 
/ C \ 
o | O, 
\ CF3 / 
c C 

|| || 
0 o 

o 

0 

CH2— C 
II 
o 

(DDSA). 

12. The curable composition of claim 1, Wherein the 
amount of component is 0.1 to 4 parts by Weight per 100 
parts by Weight of component 

* * * * * 


